Introduction {#sec1-0300060520903874}
============

Triazole Schiff base derivatives have many important applications in industry, agriculture, and medicine.^[@bibr1-0300060520903874],[@bibr2-0300060520903874]^ They can be used as fungicides, anticancer drugs, pharmaceutical intermediates, antioxidants of polymers, and ultraviolet absorbers.^[@bibr3-0300060520903874],[@bibr4-0300060520903874]^ Triazole Schiff base derivatives, as five-membered heterocyclic compounds, contain the basic structural skeleton of a Schiff base in their molecular structure, so they can also be used as ligands to chelate some trace metal ions in organisms, thus having a wide range of biological activities and playing an important role in pharmacodynamics.^[@bibr5-0300060520903874],[@bibr6-0300060520903874]^ These compounds have good bioactivities and are widely used in medicine, materials, and other fields. They can also be used as antibacterial agents, insecticides, and plant-growth regulators in medicine and agriculture.^[@bibr7-0300060520903874],[@bibr8-0300060520903874]^

In recent years, research on triazole Schiff base derivatives has attracted increasing attention. Patents for synthesis of new triazole Schiff base derivatives and novel applications have been reported.^[@bibr9-0300060520903874],[@bibr10-0300060520903874]^ Therefore, the preparation and characterization of 4-amino-1,2,4-triazole Schiff base derivative is of great importance. In this study, we first synthesized and characterized a 4-amino-1,2,4-triazole Schiff base derivative. Subsequently, we demonstrated that the 4-amino-1,2,4-triazole Schiff base derivative inhibited tumor cell proliferation.

Materials and methods {#sec2-0300060520903874}
=====================

Ethical approval {#sec3-0300060520903874}
----------------

Ethical approval was not required because our study used cell lines, not samples from humans or animals.

Equipment and reagents {#sec4-0300060520903874}
----------------------

An AdvanceIII HD-400 NMR spectrometer (Bruker, Fällanden, Switzerland), Tensor27 IR spectrometer (Bruker), Vario ELIII elemental analyzer (Elementar Analysensysteme GmbH, Langenselbold, Germany), and SGW X-4 micro-melting-point apparatus (Shanghai Shen Guang Instrument Co. Ltd., Shanghai, China) were used in all procedures. Para-hydroxybenzaldehyde (analytical purity), cyanuric chloride (analytical purity), 1,4-dioxane (analytical purity), triethylamine, 10% anhydrous Na~2~CO~3~ (analytical purity), ethyl acetate (analytical purity), glacial acetic acid (analytical purity), 4-amino-1,2,4-triazole, trichloromethane (analytical purity), ethanol (analytical purity), sodium carboxymethyl cellulose, and silica gel GF254 (analytical purity) were purchased from SinoPharm (Shanghai, China). The human lung adenocarcinoma cell line A549 and human hepatoma cell line Bel7402 were purchased from the cell bank of the Chinese Academy of Sciences (Shanghai, China). RPMI-1640 culture medium, trypsinase, and fetal calf serum were obtained from Gibco (Carlsbad, CA, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was purchased from Invitrogen (Carlsbad, CA, USA).

Preparation and characterization of 4-amino-1,2,4-triazole Schiff base derivative {#sec5-0300060520903874}
---------------------------------------------------------------------------------

According to the published reference^[@bibr11-0300060520903874]^ and preliminary experiments, the synthetic route of 4-amino-1,2,4-triazole Schiff base derivative is shown in [Figure 1](#fig1-0300060520903874){ref-type="fig"}. To prepare 4-amino-1,2,4-triazole Schiff base derivative, 0.22 g of 2,4,6-tris (4-formylphenoxy)-1,3,5-triazine and 0.47 g of 4-amino-1,2,4-triazole were dissolved with 10 mL of glacial acetic acid in a four-mouthed flask. Then, the reaction was heated to 118°C and refluxed for 4 hours. After the reaction, the solution (a light yellow color) was filtered, precipitated on ice, and dried in a vacuum. A white powder solid was obtained as crude product. The crude product was washed with ethanol and then chloroform and purified by silica gel column chromatography. The white powder was dried into a pure form with a melting point of 289°C. Subsequently, a small amount of purified and refined sample was dried at 90°C for 30 minutes, and then a portion of the sample and potassium bromide were mixed at a ratio of 1:20 and ground uniformly.

![Synthetic route of 4-amino-1,2,4-triazole Schiff base derivative.](10.1177_0300060520903874-fig1){#fig1-0300060520903874}

After pressing the mixture, the product was characterized by infrared spectroscopy, ^1^H nuclear magnetic resonance (NMR), and 13C NMR. ^1^H NMR and ^13^C NMR were performed using deuterium instead of dimethyl sulfoxide (DMSO) as solvent. The Vario EL III elemental analyzer was used for elemental analysis.

Cell culture {#sec6-0300060520903874}
------------

The A549 and Bel7402 cell lines were grown in RPMI-1640 culture medium with 100 mL/L fetal calf serum, 1 × 10^5^ U/L penicillin, and 100 mg/L streptomycin, and then incubated (Thermo Fisher Scientific, Waltham, MA, USA) at 37°C with 5% CO~2~.

MTT assay {#sec7-0300060520903874}
---------

The A549 and Bel7402 cells (6 × 10^3^ cells/well) were seeded in 96-well plates (Corning Inc., Corning, NY, USA) for 24 hours. The culture medium was then discarded and replaced with RPMI-1640 culture medium containing various concentrations of 4-amino-1, 2, 4-triazole Schiff base derivative (0, 50, 100, 150, 200, 300, and 400 µg/mL) and cultured for another 24 hours. Then, 20 µL of MTT (5 mg/mL) was added to each well, incubated for 4 hours and discarded; 100 µL of DMSO was added to fully dissolve the formazan precipitate. The absorbance (optical density, OD) was measured at 570 nm. Relative cell viability was calculated by comparing with vehicle control. Three independent experiments were performed.

Lactate dehydrogenase assay of cell toxicity {#sec8-0300060520903874}
--------------------------------------------

The A549 and Bel7402 cells were seeded in 96-well plates for 24 hours, and then treated with different concentrations of 4-amino-1,2,4-triazole Schiff base derivative (0, 100, 200, and 300 µg/mL) for another 24 hours. The cells were collected in a 1.5-mL Eppendorf tube for the lactate dehydrogenase (LDH) assay (BioVision Inc., Milpitas, CA, USA). The LDH concentration of cell lysates was detected in accordance with the instructions of the LDH kit. The absorbance of the resultant product was measured at 450 nm, using an ELISA microplate reader (Thermo Labsystems, Waltham, MA, USA). The LDH concentration in lysate was then calculated using the following formula: Viability (U/L) = (OD~treated~ − OD~control~)/(OD~standard~ − OD~blank~) × concentration of standards (U/L). Three independent experiments were performed.

Results {#sec9-0300060520903874}
=======

Infrared absorption spectrum {#sec10-0300060520903874}
----------------------------

[Figure 2](#fig2-0300060520903874){ref-type="fig"} shows the characteristic absorption peaks of the benzene rings at 1605, 1495, and 1466 cm^−1^, as well as characteristic peaks of the triazine rings at 1532, 1376, and 798 cm^−1^. The absorption peaks at 2983 and 2942 cm^−1^ indicate the C--H stretching vibration, whereas those at 1460, 1250, and 678 cm^−1^ indicate the C--O--C absorption peaks, and the absorption peak at 1260 cm^−1^ was the stretching vibration peak of the triazole ring (N--N=C). We noted a lack of typical aldehyde carbonyl absorption peaks near 1705 to 1725 cm^−1^, indicating that C=O in the raw material took part in the chemical reaction. We concluded that the infrared spectra of the synthesized product conformed to the molecular conformation of 4-amino-1,2, 4-triazole-n-isopropyl butylamine.

![Infrared absorption spectra of product. Black arrows indicate the characteristic absorption peaks of benzene rings, purple arrows indicate the characteristic absorption peaks of the triazine rings, blue arrows indicate the C--H stretching vibration peaks, red arrows indicate the characteristic absorption peaks of C--O--C, and the yellow arrow indicates the N--N=C stretching vibration peaks of the triazole rings.](10.1177_0300060520903874-fig2){#fig2-0300060520903874}

^1^H NMR spectrum {#sec11-0300060520903874}
-----------------

[Figure 3](#fig3-0300060520903874){ref-type="fig"} shows the 21 hydrogen atoms in the final product, which had good structural symmetry. Only four types of hydrogen were found: two on the benzene rings, one on --C=N, and another on the triazole rings. At 7.454--7.949 ppm, the signal peaks of hydrogen represent the benzene rings. At 1.863--2.490 ppm, the signal peaks of hydrogen represent the triazole rings. At 3.274--3.324 ppm, the signal peaks of hydrogen represent --C=N. At the same time, the resonance absorption of some hydrogen nucleus on --C=N and on the triazole rings shifted to 9.095--9.126 ppm due to the deshielding effect of the benzene and azole rings and the electronegativity of nitrogen. We concluded that the hydrogen spectra of the synthesized product conformed to the hydrogen atom conformation of 4-amino-1,2,4-triazole Schiff base derivative.

![^1^H Nuclear magnetic resonance spectrum of the final product.](10.1177_0300060520903874-fig3){#fig3-0300060520903874}

13C NMR spectrum {#sec12-0300060520903874}
----------------

[Figure 4](#fig4-0300060520903874){ref-type="fig"} shows the seven types of carbon in the final product: one on the triazine rings, four on the benzene rings, one on --C=N, and one on the triazole rings. In [Figure 4](#fig4-0300060520903874){ref-type="fig"}, 172.779 ppm was the signal peak of carbon on the triazine rings, 153.987--157.050 ppm indicated the carbon on --C=N, 38.909--40.156 ppm indicated the carbon on the benzene rings, and 122.310--138.875 ppm indicated the carbon on the triazole rings, which was in accord with the basic law of chemical shift of aromatic ring carbon. In conclusion, the carbon spectra of the synthesized product conformed to the carbon atom conformation of 4-amino-1,2,4-triazole Schiff base derivative.

![^13^C Nuclear magnetic resonance spectrum of the final product.](10.1177_0300060520903874-fig4){#fig4-0300060520903874}

Elemental analysis {#sec13-0300060520903874}
------------------

Elemental analysis showed that the constituent elements in the synthesized product were as follows: C, 56.34%; H, 3.29%; O, 7.51%; and N, 32.86%. These results were in accord with the content of each element in 4-amino-1,2,4-triazole Schiff base derivative (C~30~H~21~O~3~N~15~).

Complete name of the prepared compound {#sec14-0300060520903874}
--------------------------------------

Combining the results of infrared absorption spectrum, ^1^H NMR spectrum, 13C NMR spectrum, and elemental analysis, the product name was 4-amino-1,2, 4-triazole-n-isopropyl butylamine, also known as 4-amino-1,2,4-triazole Schiff base derivative (C~30~H~21~O~3~N~15~).

Effects of C~30~H~21~O~3~N~15~ on proliferation of A549 and Bel7402 cells {#sec15-0300060520903874}
-------------------------------------------------------------------------

The normal morphology of A549 and Bel7402 cells is shown in [Figure 5](#fig5-0300060520903874){ref-type="fig"}. To explore the effects of 4-amino-1,2,4-triazole Schiff base derivative on growth and proliferation of cancer cells, A549 and Bel7402 cells were treated with different concentrations of the chemical compound for 24 hours and viability was tested by MTT assay. The cell viability results indicated that 4-amino-1,2,4-triazole Schiff base derivative dose-dependently inhibited cancer cell growth ([Figure 6a, b](#fig6-0300060520903874){ref-type="fig"}). In A549 and Bel7402 cells, the half-maximal inhibitory concentration (IC~50~) of 4-amino-1,2,4-triazole Schiff base derivative was 144.1± 4.68 µg/mL and 195.6 ± 1.05 µg/mL, respectively. These results indicated that 4-amino-1,2,4-triazole Schiff base derivative had antitumor activity.

![The normal morphology of (a) A549 cells (lung adenocarcinoma) and (b) Bel7402 (human hepatoma) cells.](10.1177_0300060520903874-fig5){#fig5-0300060520903874}

![4-Amino-1,2,4-triazole Schiff base derivative inhibited cell viability in cancer cell lines. (a) Human lung adenocarcinoma cell line A549 and (b) human hepatoma cell line Bel7402 were treated with various concentrations (0 to 400 µg/mL) of 4-amino-1,2,4-triazole Schiff base derivative for 24 hours, and cell viability was measured by MTT assay. Error bars indicate standard deviations.](10.1177_0300060520903874-fig6){#fig6-0300060520903874}

Cytotoxicity evaluation {#sec16-0300060520903874}
-----------------------

LDH exists in the cytoplasm of all tissues and cells and it is not released from healthy cells. However, upon cellular damage, LDH is released into the medium, which produces a brownish red color in alkaline solution. Thus, the LDH assay can be used to ascertain the toxicity of drugs. At a concentration of 200 µg/mL or below, the crude extract (C~30~H~21~O~3~N~15~) did not result in obvious cytotoxicity ([Figure 7a, b](#fig7-0300060520903874){ref-type="fig"}) in the two cell lines, confirming that 4-amino-1,2,4-triazole Schiff base derivative was not toxic at this concentration. Thus, in future experiments, concentrations below 200 µg/mL could be used for antitumor experiments.

![Effects of C~30~H~21~O~3~N~15~ (4-amino-1,2,4-triazole Schiff base derivative) on LDH contents of two tumor cell lines. LDH was released in a dose-dependent manner in (a) A549 and (b) Bel7402 cell lines following treatment with crude extract. \*\**P* \< 0.01 vs. the control group. Error bars indicate standard deviations. LDH, lactate dehydrogenase.](10.1177_0300060520903874-fig7){#fig7-0300060520903874}

Discussion {#sec17-0300060520903874}
==========

The biological activities of triazole compounds show that the azole ring is the necessary structural group.^[@bibr12-0300060520903874]^ The four nitrogen atoms of triazole coordinate strongly with the iron atoms of heme to inhibit the activity of cytochrome P-450, and this inhibition can exert biological activity.^[@bibr13-0300060520903874],[@bibr14-0300060520903874]^ When the heme iron atom is replaced by other groups, this activity is lost. Research shows that the polystereochemistry of azole compounds is very strict, and the stereoisomers are related to biological activity.^[@bibr15-0300060520903874]^

Amination with triazole ring and aldehydes are raw materials for the synthesis of triazole Schiff bases. Generally, triazole Schiff bases are synthesized using anhydrous organic reagents. In addition, anhydrous ethanol, dimethyl formamide (DMF), or acetic acid is often used as the reaction solvent, with glacial acetic acid as the catalyst^[@bibr16-0300060520903874]^ and refluxing is done for several hours. Then, the reaction solution is concentrated after cooling to room temperature. A large amount of precipitate (triazole Schiff base) is obtained, which is filtered, washed, and dried. When anhydrous ethanol or DMF is used as solvent, the reaction time is longer, the post-treatment is more difficult, and the yield is lower. We used acetic acid as solvent, which greatly reduced the reaction time. Our method for the synthesis of triazole Schiff base was short and simple and the yield was high.

Triazole Schiff base derivatives are currently a focus in heterocyclic research. The derivatives are widely used for their anticancer and antifungal activities.^[@bibr17-0300060520903874]^ Xuan et al.^[@bibr18-0300060520903874]^ proposed that novel 1,2,4-triazole Schiff base derivatives had a bactericidal effect, and Li et al.^[@bibr19-0300060520903874]^ found that the 1,2,4-triazole-5-thione bis-Schiff base significantly inhibited the activities of HeLa and Bel7402 cells. Therefore, preparation of a triazole Schiff base derivative with high biological activity could have important social and economic significance. In our experiment, glacial acetic acid was chosen as the reaction solvent, which could fully dissolve the reactant. Moreover, glacial acetic acid can be used as a catalyst to synthesize the target product triazole Schiff base, accelerating the reaction and inducing it to fully proceed, which is more conducive to formation of the specific product.

Although we report here that 4-amino-1,2,4-triazole Schiff base derivative has an antitumor effect, the current study lacks experimental data. This study confirmed that 4-amino-1,2,4-triazole Schiff base derivative inhibited the proliferation of A549 and Bel7402 cells and thus could play an important biological role in medicine. Currently, there are no suitable Schiff base derivatives in clinical use as positive control drugs. Further studies are needed to fully explore the antitumor effect of 4-amino-1,2,4-triazole Schiff base derivative in vitro and in vivo. We also need to determine the biological target of 4-amino-1,2,4-triazole Schiff base derivative. In later experiments, isomers will need to be prepared and their activities assessed.

Conclusions {#sec18-0300060520903874}
===========

We first successfully synthesized 4-amino-1,2,4-triazole Schiff base derivative and then characterized it by infrared spectroscopy, nuclear magnetic resonance, and elemental analyses. These methods confirmed that the product synthesized by this method was 4-amino-1,2,4-triazole Schiff base derivative. The synthesized Schiff base derivative was found to significantly suppress the proliferation of cancer cell lines in a dose-dependent manner.
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